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Gas  gangrene  is  preeminently an  infection  associated  with  war 
wounds.  This is perhaps not due to any great difference in the de- 
gree of contamination of wounds received on the battle-field as com- 
pared with the injuries resulting from accidents in civil life.  Spores 
of the group of bacteria capable of causing gas gangrene are probably 
no more abundant in the mud of the trenches than in ordinary street 
dirt,  for they are known to have a  wide distribution.  The marked 
difference in the frequency of the disease in times of war and of peace 
is probably to be attributed  to the dissimilarity in  the character of 
the wounds encountered.  In ordinary accidents, injuries associated 
with laceration and befouling of the tissues are usually too wide open 
to afford favorable conditions of growth to anaerobic bacteria which 
alone  are  able  to  cause  typical  gas  gangrene.  Shrapnel  balls  and, 
especially, fragments of highly explosive shells,  on  the  other hand, 
produce penetrating wounds characterized by a  comparafivel)~ nar- 
row canal with ragged walls composed of lacerated tissues.  Bits of 
clothing  and  other  d6bris  are  frequently  carried  into  the  wound. 
The narrow channel becomes more or less completely filled with blood 
clot, and, thus sealed in, anaerobic bacteria are able to grow. 
It must be remembered in this connection that these organisms en- 
ter the wounds in the form of spores.  It is not improbable that spores 
of anaerobic bacteria require more favorable conditions for germina- 
tion than vigorously growing vegetative forms demand for their con- 
tinued  multiplication.  It  is  just  these  favorable  conditions  of  ana 
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aerobiosis and  suitable  culture medium  that  are  furnished  in  many 
war wounds. 
In  spite  of the  study of many  sporadic  cases of gas  gangrene  in 
civil practice, much remains to be learned concerning the pathogene- 
sis of this infection.  It was with the hope of discovering something 
as to the conditions essential to the occurrence of this disease in con- 
taminated  wounds  that  these  studies  were undertaken.  As  a  pre- 
liminary investigation,  the uniforms of a  number of Belgian soldiers 
were examined to determine what percentage of them carried spores 
of  this  group  of  bacteria.  Material--foreign  bodies,  lacerated  tis- 
sues, etc.--removed from fresh wounds was then studied to find what 
proportion  of these  contained  bacteria  of this  group.  At  the  same 
time an effort was made to ascertain in what part of the wound germi- 
nation of the spores was most prompt and complete.  These patients 
were  observed  and  the  number  that  later  developed gas  gangrene 
was noted.  It was also found convenient to study in vitro certain thera- 
peutic measures employed in the treatment of wounds in general and 
of gas bacillus infections in particular. 
The Examination  of the  Uniforms  of Belgian  Soldiers for  Spores  of 
Anaerobic Bacteria Capable of Causing Gas Gangrene. 
The  importance  of the  contamination  of war wounds with bits of 
clothing  in  the  causation  of gaseous  gangrene  has  been  well  recog- 
nized.  Except  for  a  few  unpublished  preliminary  experiments  by 
Dr. Alexis Carrel,  I  know of no systematic study of  the uniforms  of 
soldiers with reference to the presence of  spores of  bacteria  capable 
of causing  this disease.  The examinations  here reported were made 
in the Research Laboratory of the Ambulance de 1' Oc6an at La Panne, 
Belgium.  Unfortunately,  on  account  of  the  difficulty of  obtaining 
laboratory supplies in the War Zone,  especially in a  position so near 
the trenches as La Panne, it was impossible to test the virulence and 
pathogenicity of the organisms found or to do  more than  make  the 
simple tests for group identification.  The results of the work are pre- 
sented, however, with the belief that they have some practical value. 
These investigations were undertaken with three definite objects in 
view:  (1)  to determine the relative frequency with which the uniforms I. P-  SlgONI)S  821 
carry spores of bacteria  of the group known  to  cause  gaseous  gan- 
grene;  (2)  to determine  the efficiency of the sterilization of uniforms 
as practiced in  the Belgian Army; and  (3)  to determine the time in 
which the uniforms become reinfected after the sterilization. 
The materials studied consisted of the following: (1) The uniforms 
of twelve soldiers who had been in La Panne for 8  days to 3 weeks 
and away from the trenches for a slightly longer period.  During this 
time  their  uniforms  had  been  previously sterilized  twice in four in- 
stances  and  once in  each  of  the  other  eight.  (2)  The  uniforms  of 
thirty soldiers directly from the trenches.  These were examined be- 
fore  and  immediately  after  sterilization,  and  on each  of the  3  suc- 
ceeding days.  During this time the men remained in La Panne.  (3) 
Twenty new uniforms from the factory at Gravelines.  (4) Samples of 
the cloth from which the uniforms were made. 
The  technique  employed in  the  examination  of the  uniforms  was 
simple.  An area of approximately 5 sq.  cm. on the outer surface of 
the blouse was selected, on the left side between the upper and lower 
pockets, and on the front of the trousers just above the knee.  This 
area was washed several times with about 10 cc. of sterile water con- 
rained in a  sterile Petri dish, over the edge of which the area of uni- 
form was held.  The water was drawn  up several  times in  a  sterile 
glass tube about 20 cm. long, and was allowed to flow repeatedly over 
the area under examination,  the  surface being rubbed  at  the  same 
time with the end of the tube.  2  cc. of these washings were inocu- 
lated  into  tubes  of whole milk  recently sterilized  in  the  autoclave. 
The tubes were then heated at 80°C. for 15 minutes to kill all vegeta- 
tive  forms  of  bacteria.  The  recent  sterilization  rendered  the  milk 
anaerobic,  and the further heating  at 80°C. expelled the air  dissolved 
in the water used for inoculation.  A sufficient degree of anaerobiosis 
was  thus  easily  obtained  for  the growth of organisms  of the group 
of Bacillus welchii. 
The examinations before and immediately after sterilization of the 
uniforms  were  made  at  the  Military  Baths  in  La Panne, 1 under 
exactly similar  conditions.  This  furnished  a  satisfactory control  on 
1 For this privilege and for many courtesies we are indebted to Capt. RoUand, 
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the method used.  The results presented in the tables below indicate 
that  there was no contamination  due to faulty technique. 
In  examining  the  samples  of  cloth  two  methods  were  used:  (1) 
The  surface of the fabric was rubbed with  a  sterile  swab moistened 
with  sterile water.  The  swab was  then  placed in  a  tube of sterile 
anaerobic  milk  and  heated  to  80°C.  for  15  minutes.  (2)  Small 
squares of the same size were cut from the cloth and passed through 
the  free flame until, the  surface was thoroughly singed,  or,  in many 
cases, even charred.  A series of control tests made by gently rubbing 
the  burned  surfaces of these  squares with  a  moist  sterile  swab and 
inoculating  broth  and  milk  showed that  the destruction  of  bacteria 
on  the  surface  had  been  complete.  The  few  cases  in  which  these 
control tests showed that  the surface sterilization was not perfect are 
not included in the tables given below.  On scraping away the burned 
outer portion  or on  cutting  across  the  square  of cloth,  the  interior 
part of the goods was found almost unchanged.  The singed or charred 
squares were placed in tubes of anaerobic milk and incubated either 
with or without previously heating to 80°C. for 15 minutes.  Samples 
of cloth known  to contain  spores of Bacillus welchii were wrapped in 
gauze and placed in the pockets of uniforms ready to be sterilized at 
the  Military  Baths.  After  sterilization  squares  of  these  samples 
inoculated into anaerobic milk yielded no growth. 
In all instances stained films from the milk cultures were examined. 
Inasmuch  as  the  medium  employed  was especially favorable to the 
growth  of  the  gas  bacillus, very few other microorganisms  were en- 
countered in these studies.  Those found were spore-forming bacteria 
which either  (1) grew in cultures inoculated with washings which did 
not contain Bacillus welchii,  or  (2)  were able to  multiply in an acid 
medium  and therefore grew in association with the latter organism. 
The results of these examinations  are shown in Tables I  to IV. 
It is seen from Table I that in this group 100 per cent of the trousers 
carried spores of anaerobic bacteria,  and that more than 80 per cent 
contained  spores of  Bacillus  welchii.  The  blouses were a  little  less 
frequently infected than  the trousers.  In the case of three  of these 
garments  no  anaerobic  bacteria  grew  in  the  cultures.  Sterilization 
was thorough. j. P.  siroccos  823 
TABLE I. 
Examination  of the  Uniforms  of Twelve Soldiers  Who Had Been in La Panne  on 
Coast Guard Duty for 8 to 20 Days. 
Total number showing spores of anaerobic bacteria before sterili- 
zation  .................................................... 
Tota] number showing spores of B. welchii before sterilization... ~. 
Total number Showing spores of bacteria of any kind after ,sterili- 
zation..°  ................................................. 
Blouses.  Trousers. 
12 
10 
0  0 
TABLE II. 
Examination  of Uniforms  of Thirty Soldiers from  the  Trenches. 
Time of examination. 
Before sterilization  ............................  ( 
Immediately after sterilization  ..................  { 
24 hrs.  "  "  ..................  { 
3 days  "  "  ..................  { 
Garment. 
Blouses. 
Trousers. 
Blouses. 
Trousers. 
Blouses. 
Trousers. 
Blouses. 
Trousers. 
Blouses. 
Trousers. 
Number  with spores  of 
anaerobic bacteria. 
Group  All kinds.  B. w¢lc~il. 
30  27 
30  27 
0  0 
2  2 
7  7 
15  13 
10  9 
20  20 
14  11 
18  16 
In Table II  the  first  column  of figures  shows  the  number  of gar- 
ments  containing  spores  of anaerobic bacteria  of all kinds and  there- 
fore includes the figures in the second column.  In this group of thirty 
uniforms,  I00  per  cent  carried  spores  of anaerobic bacteria  and  90 
per  cent had  the  spores  of  Bacillus  welchii.  The  sterilization  ap- 
peared not  to be  so effective in  the  case  of  these  heavily  contami- 
nated garments  as in  the  case of the previous group. 
After the sterilization of their uniforms the soldiers remained in La 
Panne.  The  time  of reappearance  of  the  spores  of Bacillus  welchii 
upon these uniforms is also shown in Table II.  It is evident that the 
spores  of these bacteria were much less numerous  on the uniforms 3 824  BACILLUS  WELCI-1II  AND  GAS  GANGRENE 
days after sterilization  than when the men arrived from the trenches. 
It  is  on  account  of  the  comparatively  slight recontamination that a 
garment which yielded a positive result on one day sometimes gave a 
negative  one  on  the  following  day.  With  so few  spores present  it 
was possible to miss them.  This is the explanation  of the fact that, 
as shown in Table II,  a  larger  number  of trousers showed spores of 
Bacillus welchii 48 hours after sterilization than 72 hours after. 
In  many  instances  during  the  3  days  succeeding sterilization,  48 
to 72 hours were required for the development of the typical reaction 
in milk inoculated with washings from the uniforms.  Before sterili- 
zation  this reaction developed in from 18 to 24 hours.  This is indi- 
rect evidence of the comparative paucity of spores of the gas bacillus 
during  the 3 days on which the examinations were made. 
TA~BE  III. 
Examination of Twenty New (Unused)  Uniforms. 
II  Blouses.  9 
Number of cases in which spores of anaerobic bacteria were present..  Trousers.  9 
Number of cases in which spores of B. welchii were present  .........  Blouses.  7 
Trousers.  9 
It is seen from Table III that a notable percentage of the new (un- 
used) uniforms carry spores of Bacillus welchii.  Our results show less 
than  50  per  cent  so  contaminated.  It  is  probable,  however,  that 
these  figures  are  too low.  In  the  first place,  they are  much  lower 
than the percentage of positive results obtained from an examination 
of samples of  the  cloth  from  which the uniforms were made  (Table 
IV).  Furthermore,  the  cloth  of the  new uniforms was so oily that 
it was impossible to bring the water into close contact with the goods. 
Any spores which  may have  been present,  therefore, were  dislodged 
with difficulty. 
The  samples of woolen cloth used in  the experiments  summarized 
in Table IV were obtained from the factory at Gravelines,  and were 
identical  with  the cloth of the uniforms of the Belgian Army.  The 
samples of cotton goods, few in number,  came from the same source 
and represented  the material  used in making pockets and linings  of 
uniforms.  From this table it is evident that 100 per cent of the sam- j.  P.  SI~ONDS  825 
TABLE IV. 
Examinations of Samples of Cloth from Which the Uniforms Were Made. 
Total Number of Samples Examined: Wool, 48; Cotton, 10. 
I 
• Sample  of cloth, l lj  B.Present.,oelchli.  Not sterillzed.23  Flamed.14  Sterilized0at  baths. 
Woo1  ..........  Absent.  0  3  8 
Cotton.  Present.  5  0  0 
.......  Absent.  0  1  4 
ples  carried  spores  of  Bacillus  welchii.  In  the  woolen  goods  the 
spores were  in  the  meshes  of  the  cloth.  In  the  three  instances  in 
which  negative  results  followed flaming  of  the  sample,  the  process 
was prolonged until almost the whole mass was charred. 
Spores of this  organism  are common in  the gastro-intestinal  tract 
of sheep and are constantly present in the soil.  They were, therefore, 
undoubtedly  on  the  wool  when  it  was  clipped  from  the  animals. 
Whether these spores were not completely removed from the wool in 
the process of manufacture,  or whether others were carried into  the 
thread  or woven cloth by the solutions used in dying or waterproof- 
ing, cannot now be stated. 
It  is evident from  the  above facts  (1)  that  the  new  uniforms  as 
received by the soldiers of the Belgian Army and the cloth from which 
these  garments  are  made  contain  spores  of Bacillus  welchii  in  the 
meshes  of the  goods;  (2)  that  100  per cent of the uniforms  of men 
from  the  trenches  carry  spores  of  anaerobic  bacteria,  and of these, 
90 per cent carry the spores of theBacillus welchii group; (3) that after 
sterilization of the uniforms, about 50 per cent of the trousers became 
contaminated  with  spores  of  the  Bacillus  welchii  group  during the 
first 24 hours,  and about 66.66 per cent in the first 3 days when the 
men remain in barracks. 
The Presence of Bacillus welchii in Recent War Wounds in Relation  to  ~ 
the  Subsequent  Development  of Gas  Gangrene. 
In the bacteriologic study of theuniforms of soldiers directly from 
the  trenches,  it was found  that  about 90 per cent  carried  spores of 
organisms  morphologically  like  Bacillus  welchii  capable  of  causing 826  BACILLUS  WELCHII  AND  GAS  GANGIKEI~E 
stormy fermentation of  milk.  The  frequency with  which  bits  of 
clothing are carried into wounds by fragments of shell  and shrapnel 
balls has often been commented upon.  It seemed desirable, there- 
fore, to determine in what percentage of cases bacteria of this group 
could be isolated from fresh wounds, and to follow these cases in order 
to discover what proportion of them later developed gaseous gangrene. 
Through  the  courtesy and  cooperation of  Dr.  Depage,  Surgical 
Director of the Ambulance de l'0c6an at La Panne, it was possible 
to obtain material from twenty-one such cases.  One of the patients, 
d~bris  from whose wounds  yielded B~illus  welchii,  died  of  shock 
about 2 hours after reaching the Ambulance.  The remaining twenty 
cases will therefore be made the basis of this report. 
The material received for examination was removed by the surgeon 
under aseptic precautions and placed in sterile Petri dishes soon after 
the patient entered the hospital and, usually, within 2 to 8 hours after 
the reception of the wound.  It consisted of bits of clothing and other 
d6bris, fragments of shell, lacerated tissues, and blood clots.  Tubes of 
sterile anaerobic milk were inoculated, in duplicate in most instances, 
with pieces of the material.  Duplicate cultures were made from mus- 
cle and  from  connective tissue  (and fat)  when these were removed 
from the wound.  Since these bacteria were carried into the wounds 
in the form of spores,  it was important to determine whether these 
spores had vegetated, and in what part of the wound and in what 
tissues this most readily occurred.  One set of tubes thus inoculated 
was,  therefore, heated to 80°C. for 15  minutes and then incubated. 
The other set of tubes was placed in the incubator without heating. 
In many cases the bacilli were isolated in pure culture and accurately 
identified. 
Of the 20  cases,  5  proved entirely negative.  Of these, only one 
contained pieces  of  clothing.  In  this  case,  unfortunately, only  a 
heated culture was made.  Of these 5 negative cases, none developed 
gaseous gangrene. 
In the fifteen remaining cases, bacteria resembling Bacillus welchii 
were present.  In ten of these, pieces  of clothing were found in the 
wound; in the other five only fragments of shell and damaged tissues 
were removed. 
Of the fifteen cases,  three developed gaseous gangrene within the j.  P.  SI~OI~DS  827 
first 48  hours after entering the hospital.  The first of these was a 
young soldier with multiple shell wounds of the legs, on the service of 
Dr. Anten and Dr. Lagasse.  He developed a mild localized gaseous 
gangrene around a wound about the middle of the right thigh.  Under 
treatment, recovery was prompt.  The other two cases were on the 
service of Dr.  Van de Velde.  In one of these a  bullet entered the 
right thigh,  shattered the femur, passed  through  the scrotum,  and 
lodged in the muscles of the left thigh.  The third  case was a  com- 
pound fracture of the right femur by a  fragment of a  hand grenade. 
Both  of  these  patients  developed  severe  gaseous  gangrene  of  the 
right  thigh,  which  was,  however,  controlled  without  resorting  to 
amputation. 
Stained films of the discharge from the wounds, in all twenty cases, 
were examined every 2  days.  In  the  three  cases which developed 
gaseous gangrene, microorganisms morphologically resembling Bacil- 
lus  welchii were present in  abundance at  the beginning,  but  disap- 
peared promptly after the subsidence of the gangrene.  In two other 
of the fifteen positive  cases  a  few bacilli similar to Bacillus welchii 
were seen in the first films examined, but were not present on subse- 
quent examinations.  In the remainder of the fifteen cases none of 
the films showed any bacilli that could be called Bacillus welchii. 
In regard to the part of the wound in which vegetation of the spores 
is most prompt and complete, the two cases mentioned above on the 
service of Dr. Van de Velde yielded notable results.  Pieces of dam- 
aged muscle and of connective tissue and fat were received from both 
cases in such a condition that separate cultures could easily be made. 
In both instances the heated and unheated milk tests were positive 
in the case of connective tissue and fat.  In the case of the damaged 
muscle,  however, the heated milk  tubes  remained sterile while  the 
unheated duplicate  tubes gave almost pure cultures of Bacillus wel- 
chii.  Both of these patients developed gaseous gangrene.  This same 
difference between injured muscle and connective tissue was also evi- 
dent in other cases.  From this,  one  would seem to  be justified in 
concluding that the spores which are carried into the damaged muscle 
vegetate quickly. 
This observation is important theoretically because it indicates the 
probable mode of origin of gaseous gangrene, and practically because 828  BACILLUS  WELC]]_II  AND  GAS  GANGRENE 
it suggests the prophylactic measures to be employed for its preven- 
tion.  The spores which only reach the more  superficial connective 
tissue are more exposed to the air and therefore find it difficult, if not 
impossible,  to  vegetate.  In  the more deeply lying  muscle,  on  the 
other  hand,  a  more  perfect  condition  of  anaerobiosis  is  attained. 
Furthermore, the exudate in the injured connective tissue is composed 
of lymph, blood, and blood serum; that is, a protein medium contain- 
ing little or no sugar.  In the lacerated muscle, on the contrary, one 
finds, in addition to the above exudate, the glycogen of the torn muscle 
fibers.  Here,  then,  are  the  conditions favorable for  the growth of 
Bacillus welchii;  namely,  anaerobiosis  and  a  medium fairly rich  in 
fermentable  carbohydrate.  It  is  in  the  injured  muscle,  therefore, 
that the spores first germinate and in which the gas, which is a most 
important factor in the spread of the bacilli and the advance of the 
infection in the tissues, is produced in abundance. 
Bacillus welchii is not motile and cannot of itself change its position 
in the exudate of the infected area.  It is a large heavy bacillus and 
is  not readily transported through the narrow tissue spaces by the 
sluggish  lymph.  This  organism produces substances  which appear 
to be negatively chemotactic; and it is exceptional to find a  bacillus 
in any of the few leukocytes present in the exudate in the wound.  In 
the dissemination of the bacilli in the tissues adjacent to the wound it 
is the gas produced by them, the pressure of which may be very high,  * 
that appears to be the most important factor.  By forcing their way 
into the loose subcutaneous, inter- and intramuscular connective tis- 
sue, the bubbles of gas carry the bacilli with them, by the combined 
action  of  capillary  attraction  and  surface  tension,  more  and  more 
deeply into the surrounding healthy tissues. 
The onset and progress of gaseous gangrene may be visualized some- 
what as follows.  Bacteria capable of causing this disease are carried 
into  the wound in  the  form  of spores.  Those which lodge  in  the 
more  superficial  connective  tissue  find  conditions  unfavorable  to 
growth both as to the degree of anaerobiosis and  as to the character 
of the culture medium.  Those which are carried into the more deeply 
placed  lacerated  muscle find  conditions  perfectly adapted  to  their 
2 Taylor, K., Lancet, 1916, i, 123. j.  P.  SlMOl,~S  829 
needs  and  therefore  germinate  and  multiply  rapidly.  Gas  is  pro- 
duced in abundance from the glycogen of the crushed and torn mus- 
cle fibers.  The bacilli are forced along the loose connective tissue by 
the infiltrating  gas among the more healthy muscle bundles, and the 
infection advances.  The rapidity of its progress depends in part,  at 
least, upon the amount and pressure of the gas and  the looseness of 
the connective tissue. 
It is difficult, and usually impossible, to obtain growth of Bacillus 
welchii in pure protein media  such as sugar-free broth or sometimes 
even in plain broth, unless large quantities  of an actively fermenting 
culture are used for inoculation.  This is especially true if other bac- 
teria  are present.  In  such a  favorable medium  as milk  or dextrose 
agar, on the other hand,  there is evidence that very small numbers of 
vegetative forms or spores of this microorganism, perhaps even single 
spores,  ~ will multiply rapidly, and easily outgrow other bacteria pres- 
ent.  An almost equally favorable medium is found in lacerated mus- 
cle tissue.  One may therefore conclude that when the  spores  have 
once  been  carried  into  the  wound,  the  most  important element  in 
their germination and the onset of the infection is  the damaged mus- 
cle with its  anaerobiosis and  fermentable  carbohydrate.  When  the 
spores  have  vegetated  and  vigorous  growth  begins,  the  important 
elements in the spread of the infection are the pressure of the gas and 
the loose connective tissue.  The  further  rapid  growth  of  Bacillus 
welchii in the wound may be due either  (1)  to the heavy inoculation 
of the more purely protein exudate of the connective tissue from the 
growth in the muscle; or (2) to the further liberation of glycogen from 
other muscle fibers killed by the  action of the acid products of fer- 
mentation or by pressure of the gas.  That the latter is more probable 
is supported by the histologic studies of Taylor. 4 
In the various attempts to explain the pathogenesis of gaseous gan- 
grene much emphasis has been laid upon the fact that nearly all cases 
of this infection occur in the extremities, 5 especially the lower.  These 
3 Simonds, J.  P.,  Monograph of The  Rockefeller Institute  for Medical Re- 
search, No. 5, 1915, 34, 85. 
Taylor, J. Path. and Bacteriol~, 1915-16, xx, 384. 
5 For a full bibliography, with brief abstracts,  of papers which have appeared 
in French and English journals, see Moiroud, P.,  and Vignes, H., La gangrene 
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are the locations in which large masses of muscle are found.  Of  the 
cases in this series which showed Bacillus welchii in the fresh wounds 
but failed to develop gaseous gangrene, none were wounds involving 
injury to large masses of muscle.  They were either superficial injur- 
ies, or wounds of the head, face, trunk, joints,  or feet where muscle 
tissue is not very abundant. 
Summarizing these results, it was shown that in this series of twenty 
cases, 75 per cent of the fresh wounds contained spores or vegetative 
forms of bacilli morphologically resembling Bacillus welchii and capa- 
ble of producing stormy fermentation of milk.  In  most  cases  the 
organisms were isolated in pure culture and identified.  Only 20 per 
cent of this number, i.e.,  15 per cent of the whole series, developed 
gaseous gangrene.  It is only in the injured muscle that these spores 
find conditions favorable to immediate germination and rapid rriulti- 
plication; namely, anaerobiosis and a culture medium rich in ferment- 
able carbohydrate.  In the pathogenesis of this infection in contami- 
nated wounds, therefore, the lacerated muscle is the most important 
factor, and it is to this that attention should be directed in the pre- 
vention of the disease. 
The Influence of Different Concentrations of Saccharose upon the Growth 
of  Bacillus  weIchii. 
It is well known from the work of Theobald Smith  6 and of Kendall 7 
and ~s coworkers that the presence of fermentable carbohydrate in 
culture media favors the growth and profoundly modifies the metabo- 
lism  of many bacteria.  Concentrated  solutions  of  sugars,  on  the 
contrary, either kill  most  bacteria or inhibit their growth.  It was 
probably these two principles which led to  the use of sugar in  the 
treatment of war wounds.  In the case of wounds infected with ordi- 
nary pathogenic bacteria this method of treatment may have a reason- 
able  theoretical  basis.  In  the  case  of wounds  contaminated  with 
spores of Bacillus  welchii,  however,  one would have good reason to 
fear  that  the  application  of  sugar  might  bring  disastrous  results. 
6 Smith, T., Tr. Assn. Am. Phys., 1896, xi, 37. 
7 Kendall, A. I., J. Bio'.  Chem.,  1912-15.  Kendall, A. I., and Walker, A. W., 
Tr. Chicago Path. Soc., 1915, ix, 320. J.  P.  SIMONDS  831 
This microorganism can be made to grow only with difficulty in sugar- 
free media.  In media containing almost any carbohydrate,  however, 
growth is surprisingly rapid,--at  times almost explosive in character. 
It is probable that  none of this group of bacteria produce a  soluble 
toxin;  certainly  not  in  the  presence  of  fermentable  sugar.  This 
group is distinctly not putrefactive.  It is purely fermentative.  It is 
from sugar  that  they produce irritating  and  injurious  substances  in 
the form of butyric and other organic acids. 8  It has been noted that 
in  a  series of fresh wounds it was found that  75 per cent contained 
either the spores or the vegetative forms of Bacillus welchii.  For this 
reason it seemed desirable to study experimentally  the effect of  dif- 
ferent concentrations of sugar upon the multiplication and gasproduc- 
tion of this bacillus. 
Ten strains of Bacillus welchii isolated either from distinct cases of 
gaseous gangrene or from d~bris found in fresh wounds were selected 
for study.  Bouillon containing  5,  10,  20, 40, 50, and 60 per cent re- 
spectively of saccharose was sterilized in  the  autoclave in fermenta- 
tion tubes and in ordinary test-tubes under off, cooled, and inoculated. 
Three methods of inoculation were employed:  (1) tubes of all con- 
centrations  were inoculated from a  24 hour milk culture;  (2)  subcul- 
tures in the 5 per cent saccharose broth were made from a  milk cul- 
ture, incubated for 24 hours, and inoculations were made from  these 
into  the higher  concentrations;  (3)  transplants  were made from a  24 
hour culture in each dilution into the next higher; that is, from 5 per 
cent into  10 per cent, from  10 per cent into  20 per  cent,  and  so on 
through the series.  The results were the same with all three methods. 
During the period covered by these experiments there was no visible 
tendency for any of the  strains  gradually  to become accustomed  to 
growth  in  the  presence  of high  concentrations  of  sugar.  In  a  few 
instances there was a small amount of gas in tubes of 50 per cent sac- 
charose  inoculated  from  a  24  hour  milk  culture,  while  no  gas  was 
found in a  duplicate 50 per cent tube inoculated from a  24 hour cul- 
ture of the same strain in 40 per cent sugar broth. 
These experiments were repeated a  number of times with different 
lots of media but with the same concentrations of sugar.  Characteris- 
8 Herter,  C. A., The Common Bacteriological Infections of the Digestive Tract 
and the Intoxications Arising from Them, New York,  1907. 832  BACILLUS WELCHII AND  GAS  GANGRENE 
tic results are shown in Table V in which the amount of gas produced 
in  the  closed arm of a  fermentation  tube  has  been  measured  in  the 
usual  manner.  Since  the  inoculations  were  always  made  from  one 
fluid culture into another of higher specific gravity, the organisms car- 
ried over in inoculating rose immediately to the  top of the  closed arm 
of the fermentation tube where the condition of anaerobiosis was ideal. 
TABLE V. 
Saccharose. 
Culture. 
5 per cent.  10 per cent.  20 per cent.  40 per cent.  50 per cent.  60 per cent. 
617  c 
669 b 
285 
365  a* 
365 b* 
793  a* 
793 b* 
797 a 
"Central" 
386 cd 
per cent 
70 
70 
8O 
85 
85 
70 
70 
4O 
70 
p~cent 
60 
90 
65 
70 
70 
80 
80 
100 
95 
60 
per cent 
80 
90 
90 
90 
90 
75 
80 
95 
55 
per cent 
40 
60 
50 
85 
60 
80 
40 
75 
70 
85 
per cent 
0 
5 
6O 
Trace. 
0 
0 
6O 
10 
Trace. 
0 
per 6¢~ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
* 365 a and 365 b were fished from  separate  colonies in  the  original  cultures 
from the same case.  The same is true of 793 a and 793 b. 
From this  table  it is  evident  that Bacillus  welchii can produce  an 
abundance of gas in broth containing amounts of saccharose up to 400 
gm. per liter.  Some strains  are able to ferment this sugar in  50 per 
cent  concentration.  Of  the  ten strains studied, not  one  was  able  to 
produce gas in 60 per  cent saccharose broth.  The bacteria in  these 
cultures were not always dead, for in many instances  anaerobic milk, 
inoculated from 60 per cent saccharose broth tubes that had been in 
the incubator for 3 days, showed stormy fermentation.  It was observed 
that in the dilutions up to 20 per cent,  fermentation was very rapid 
and  was  practically  complete  in  24  hours.  Production  of  gas  pro- 
ceeded much more slowly in the higher concentrations.  At the  end 
of 24 hours there was only a  small bubble of gas in  the 40 per  cent 
tubes and in the 50 per cent tubes which showed any gas production. 
The process required 48 to 72 hours for completion.  In a  few instances j.  P.  SlMONOS  833 
there appeared to be some growth of the bacilli in 50 per cent saccha- 
rose broth, as evidenced by the increased  turbidity in the upper part 
of the closed arm of the fermentation tube, without the production of 
gas. 
Stained films were made after 24 to 48 hours and examined to de- 
termine  the  effect upon morphology of placing these bacilli in  solu- 
tions of such high  specific gravity as the 50 and 60 per cent saccha- 
rose solutions.  Except for a possible slight increase in thickness and 
a tendency to stain palely, there were no  detectable morphologic dif- 
ferences  between  bacilli  grown  in  the  higher  concentrations  of  the 
sugar and those grown in the weaker concentrations. 
Because the presence of fermentable sugar is essential to the vigor- 
ous growth of Bacillus welchii, and because saccharose has been used 
in the treatment of war wounds, at ]east 75 per cent of which are con- 
taminated with spores of this organism,  it seemed desirable to study 
the effects of different concentrations of sugar upon its growth.  All 
the strains  studied grew and produced an abundance of gas in broth 
containing 5,  10,  20, and 40 per cent respectively of saccharose.  In 
the  40  per  cent  solution  formation  of  gas  was  somewhat  slower 
than in the lower concentrations.  Only two strains  produced gas in 
abundance, somewhat slowly, in 50 per cent saccharose broth.  None 
of the  strains grew or produced gas in broth containing  60 per cent 
saccharose. 
The  Effect  of Pure  Oxygen  Gas  on  Cultures  of Bacillus  welchii. 
Injections of pure oxygen gas directly into the tissues is used as a 
routine treatment for gas gangrene in  many of the military hospitals 
in  France  and  Belgium2  In  a  previous  study  1° of Bacillus  welchli 
it was observed that the degree of anaerobiosis in milk cultures influ- 
enced materially the type of reaction of these organisms in this me- 
dium.  Variations were noted from no growth in milk saturated with 
9 Vennin, Girode, and Hailer, Bull. et rn~m. Soc. chir., Paris, March 9,  1915; 
for further references and abstracts see Moiroud and Vignes, La gangrene gazeuse, 
Paris, 1916. 
10 Simonds, Monograph of The  Rockefeller Institute  for Medical  Research,. 
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air, to coagulation with little or no gas formation in tubes containing 
small  amounts  of  air,  and  to  typical  stormy  fermentation  in  milk 
with the optimum degree of anaerobiosis.  It seemed possible, there- 
fore, that  the efficacy of the injections of oxygen might  not depend 
solely on their supposed bactericidal action.  A study of the effect of 
pure oxygen gas upon cultures of Bacillus welchii was undertaken. 
The following technique was employed.  Tubes of anaerobic  milk 
or  dextrose  broth  under  oil  were  inoculated  with Bacillus  welchii. 
Oxygen was passed into the medium by means of a  capillary pipette 
which  reached  to  the bottom of the tube.  The gas rose through the 
liquid  in  a  series  of many  minute  bubbles.  After oxygenation  the 
tubes were placed in the incubator, and at intervals subcultures were 
made in fresh anaerobic milk or deep  dextrose  agar  by transferring 
about 0.5 cc. of the culture into the new medium.  In another series 
of experiments tubes of milk or dextrose broth were inoculated with 
Bacillus welchii, incubated for 3 or 4 hours, and then oxygenated for 
20 minutes as described above.  Typical results  from  numerous  ex- 
perirnents  are collected in Table VI. 
It is evident from Table VI that strains of Bacillus  welchii differ in 
their  resistance  to oxygen.  Strains  617 a  and 617 ds are much more 
readily killed by oxygen than  Strain  365 a.  Whether  the resistance 
is in inverse proportion  to the  virulence  of the  organism  cannot  be 
stated.  But Strain  365 a  was isolated from a  mild localized case of 
gas gangrene,  and  when its pathogenicity  for guinea pigs was tested 
for the first time about 3 months  after its isolation,  it was found to 
be wholly non-virulent.  Strain  617 a,  on  the  other  hand,  was  ob- 
tained from a severe case of gas gangrene, and after 3 months' growth 
on artificial media caused the death of a  guinea pig in 24 hours. 
When tubes of milk inoculated with Bacillus wdchii were incubated 
for 3 hours before the oxygen gas was bubbled through them, the oxy- 
genation  did not appear  to inhibit  their  growth in any way.  Even 
Strain 617 a, unincubated cultures of which were sterile in less than 2 
hours after passage of the gas for 20 minutes, was not affected by 20 
minutes'  oxygenation  if the  culture  had  been  previously incubated 
for 3 hours. 
In  instances  in which  the  organisms  were  not  actually killed  by 
the oxygen it will be noted that there was a marked reduction in the J.  P.  SIMONDS 
TABLE  VI. 
835 
~  ~  ~ ~  Original culture after 
•  ~ ~'~  ~  incubation. 
c.]t.~.  .~'~  "~'~ 
~'  ~  ~hrs.  ~s~ 
hrs.  rain. 
165 a  0  5  ++++ 
365 a  0  10  +++ 
365 a  0  20  +++ 
365 a  3  20  ++++ 
386 cb  0  5  +++ 
386 cb  0  10  --  -- 
386 cb  0  20  --  -- 
386cb  3  20  ++++ 
617 ds*  0  5  +++ 
617 ds  o  lO  -  - 
617 ds  0  20  --  -- 
617ds  3  20  ++++ 
617 a*  0  10  --  -- 
617 c*  0  10  -{-+'4- 
617 c  0  15  --  -- 
553 a  0  5  --  + 
553 a  0  10  --  -- 
72 hrs. 
+ 
+ 
+ 
Subcultures made after 
2hrs. 
++++ 
++++ 
++++ 
++ 
++ 
++ 
++ 
+ 
+ 
+++ 
+ 
++ 
++ 
4  hrs. 
+ 
+ 
6hrs. 
++++ 
+++ 
+++ 
+ 
+ 
+ 
++ 
+++ 
24 hrs. 
++++ 
+ 
+ 
m 
m 
+ 
+++%  indicates  typical  stormy fermentation;  +++,  coagulation with 
less gas than typical stormy fermentation; + +, coagulation with small amount 
of gas;  +, coagulation with no gas;  -, no change in medium. 
* Cultures 617 a and 617 c are two strains isolated from the same case of gas 
gangrene.  Strain 617 ds is Strain 617 a after it had been passed through a guinea 
pig in which it produced a fatal gas gangrene. 
production of gas in the culture.  This may have been due in part to 
the restraining effect of the oxygen on the mu]tiplication of the bacilli 
so that there were too few organisms  present  to  produce  the  usual 
amount of gas.  But this same character of depressed gas formation 
was  carried  on  into  subsequent  generations.  Films  from all these 
cultures showed evidence of considerable growth, although it was not 
possible  to  estimate  accurately the  relative amount in  the  different 
tubes.  It seems, therefore, that exposure to oxygen may depress the 
biologic activity of gas  b~cilli  without actually causing their death. 
This lowered activity can be carried on through a number of genera- 
tions  even when  grown  in  as  favorable  a  medium  as  milk.  It  is $36  BACILLUS  WELCHII  AND  GAS  GANGRENE 
not associated, however, with the acquirement of any new or strange 
characters  such  as  ready spore formation  or liquefaction  of gelatin. 
These depressed cultures  can be easily rejuvenated  by growth for a 
generation or two in anaerobic dextrose-liver-broth medium. 
It might be mentioned that in studying organisms of this group, no 
biologic reactions should be carried  out except with  recently rejuve- 
nated  cultures.  Only  in  this  way  can  uniform  and  characteristic 
results be obtained. 
From the experiments described above one  may  suggest  as  prac- 
tical  possibilities  (1) that injections Of oxygen gas will be much more 
effective if made early in the course of gas gangrene than if delayed 
until the growth of the infecting organisms has acquired considerable 
energy and momentum; and  (2) that the good effects of the injection 
of oxygen may not be due wholly to its bactericidal effects but partly 
to its power to depress the vital activity of Bacillus welchii whereby 
less gas is produced. 
SUMMARY. 
1.  Spores of the Bacillus welchii group of bacteria were found on 100 
per  cent of the uniforms of Belgian  soldiers who had  come directly 
from the trenches,  and in the meshes of all the samples examined of 
the new cloth from which the uniforms were made. 
2.  In fifteen out of twenty fresh war wounds members of this group 
of bacteria were found.  Of the fifteen patients,  only three later de- 
veloped gas gangrene.  Once the spores of Bacillus welchii have been 
carried into a wound the deep-lying lacerated muscle tissue appears to 
be the most important factor in the onset of gas gangrene. 
3.  Bacillus welchii is  able to grow and  produce gas in  broth  con- 
taining up to 40 per cent saccharose.  Some strains were able to mul- 
tiply and produce gas in 50 per cent  saccharose  broth;  but  none  of 
those  examined  were  able  to  grow  when  the  concentration  of  the 
sugar reached 60 per cent. 
4.  The  bubbling  of pure  oxygen through  milk  or  dextrose  broth 
cultures of Bacillus welchii has  a  definite depressor action on the pro- 
duction of gas.  This does not appear to be.due to a reduced  number 
of organisms in the culture. 